Pakistan pursued the renewable energy policy to minimize the cost of energy per kWh as well as dependence on costly imported oil. Jhimpir site is termed as wind corridor and has tremendous proven wind power potential. The site is hosted for the first installed wind power plant. The aim of paper is to investigate the performance and levelized cost of energy of a wind farm. The methodology covers assessment of wind characteristics, performance function and levelized cost of energy model. The measured mean wind speed was found to be 8 m/s at 80 m above the ground level. The average values of standard deviation, Weibull k and c parameters, obtained using entire data set, were found to be 2.563, 3.360 and 8.940 m/s at 80 m. Performance assessment including technical, real availability and average capacity factor was found to be 97, 90 and 34.50%, respectively. It is evident that the power coefficient dropped if wind speed crosses the rated power. So it can be concluded that the efficiency of wind turbine decreased by increased wind speed. Tip speed ratio shows that a wind turbine operating close to optimal lift and drag will exhibit the performance level. Wind turbine performs better at the wind speed between 6 and 10 m/s.
Introduction
Energy inputs are significant for socio-economic development of a country. Wind energy can play a vital role in minimizing the dependence on oil, creating balance between supply and demand and less cost per kWh. From 1978 (Asif, 2009 ) to 2016 (Yearbook, 2016 ), Pakistan's maximum energy consumption is given in Figure 1 (a) and (b). There is no visible change realized in utilization of energy sources except rise in imported oil and natural gas. The oil, natural gas and coal consumption during 2015-2016 was up by 5.08, 6.53 and 3.6%, respectively (Yearbook, 2016) . So in current scenario, reliance on oil is neither an economical nor environment friendly. Sudden rise in international oil prices directly hit the local economy. Natural gas is only abundant available indigenous source of energy but started to deplete owing to increased use during the last decade. The country's largest National Oil and Gas Exploration Organization (OGDCL) predicted that local oil and natural gas reserves expected to be deplete in 2025 and 2030, respectively (Sheikh, 2010) . According to energy book 2016 of Hydrocarbon Development Institute of Pakistan, the balance recoverable reserves of indigenous energy source oil and natural gas were 47.04 and 330.27m tons of oil equivalent (TOE), respectively. Oil production dropped down 8.5% in 2015-2016 while natural gas slightly moved up 0.8% in -2016 (Yearbook, 2016 . Pakistan has a considerable wind potential at the coastal belt. Pakistan Meteorological Department (PMD) collected wind data by installing wind mast at different parts. The wind mapping of Pakistan was also prepared by National Renewable Energy laboratories (NREL). Pakistan has 68,863 km 2 appropriate windy land that accounts for 9.06% of total land (Shami et al., 2016) . The Government of Pakistan established an Alternative Energy Development Board (AEDB) in 2003 to set long-and short-term objectives for renewable energy. With the objective of renewable energy to minimize the ever increasing effect of tariff (Eberhard and K˚aberger, 2016; Meneguzzo et al., 2016) , Jhimpir site is selected as a first site for installation of wind energy power plants.
There are number of research studies available in the literature of wind turbine performance contextualizing the models under the frame work of traditional wind models (Bezrukovs et al., 2016; Gao et al., 2016) . The study of wind turbine performance is less prominent to on site information as opposed to the modelling of wind turbine performance (Wang et al., 2016 (Yearbook, 2016) .
characteristic of the site as well as a prominent feature of wind turbine performance (Shu et al., 2015) . The wind turbine performance can be declined by increased wind loads (Cooney et al., 2017; Ganjefar and Mohammadi, 2016; Petkovi c et al., 2013; Shahizare et al., 2016 ) that lead to failure of components (Faulstich et al., 2011; Nejad et al., 2014) . The wind turbine field investigation characterized as the time consuming due to large number of data. This form of disparagement can relatively be considered as a wellmeaning for the assessment being presented in this paper. The variation in wind speed is an important characteristic of site and is therefore an imperative factor of wind turbine performance.
The economics of wind energy is another fundamental concern for the renewable energy (Hemmati, 2017) . The studies presented in the literature simply focused on the life cycle assessment of wind energy (Wang and Teah, 2017) or its capital intensive nature (Kanyako and Janajreh, 2015) or describing the capital costs of wind turbine and grid connections that can only accounts for the 80% of the total costs (Blanco, 2009) . But the real essence of performance and energy economics of per kWh is depends on the wind conditions of the site. The financial effect of wind energy technology in terms of network costs increased due to population density that focused on the expenses being spent on the cable required for per consumer assessed (O'Flaherty et al., 2014) . The increasing trend of wind power generation, as an additional source of energy, is gaining strength but one of difficulty related with the wind energy is determining the suitable site. Detailed methods including geometric data and aerodynamic performance are required to ascertain potential site (Millward-Hopkins et al., 2013) . The site-specific wind characteristics-based wind machines should be designed as proposed by Toft et al. (2016) and Amar et al. (2008) . Similarly, the effect of wind variation leads to decreased power generation (Dokopoulos et al., 1996) . Wind is random variable and changes over a period of time. The fluctuating nature of wind had substantial effect on voltage, frequency and performance (Sørensen et al., 2001) .
There are two widely accepted assumptions for decreased performance function of wind turbines. One is the failure of components that leads to halt down of wind turbine operations. The other is repair and replacement activity for restoration of system. The failure of components resulted into decreased operation time, cost of replacement and maintenance (Carroll et al., 2015) . The survey statistics of various European wind farms showed that the failure and maintenance of wind turbine components lead to reduced performance (Le and Andrews, 2015) and (Ribrant and Bertling, 2007) . The performance assessment of Muppandal, Tamil Nadu wind farm presented by (Herbert et al., 2010) . The author concluded that the performance of wind farm is affected by immature failure of electrical and mechanical components and presented spare parts focused strategy. Wind characteristics can be a source of increased fatigue loads and decreased life of wind turbine components (Veers and Winterstein, 1998) . In some studies, the preventive maintenance-based approaches used to improve the performance of wind farm (Igba et al., 2015; Nilsson and Bertling, 2007; Puglia et al., 2014) .
Monte Carlo-based Markov chains modelling used for estimating capacity factors of wind farms (Gurgur and Jones, 2010) . The performance modelling of wind farms based on the experimental data of wind turbines ranging from 20 to 1650 kW used to predict the performance function (Bhatt and Jothibasu, 2002) . The performance of wind turbines can be improved by additions of new materials and technologies (O'Dell, 2001) . The performance of wind turbines can be improved if spacing between the wind turbines is minimized (Ammara et al., 2002) . Similarly, the wind uncertainty based risk-related energy generation has been examined by (S¸en, 1997) and (Yang et al., 2003) . The capacity factor is an effective tool used to determine the wind turbine performance ((Mej ıa et al., 2006) and efficiency interdependence between energy generation and wind speed (Lai and Lin, 2006) .
The prediction-based performance models have been used to present the operational considerations of wind turbines . This is an important characteristic while considering the performance forecasting as well as monitoring. The power curve-based new parametric models considering the modified hyperbolic tangent proposed to characterize the wind turbine (Wang et al., 2016) and machine learning-based approach presented for modelling the behaviour of wind turbine (Marvuglia and Messineo, 2012) . These non-parametric models can provide the reasonable performance outcome based on pre-processing information.
From an economical point of view, the rising trend of installation of wind power plants noticeably associated with the reduction of energy cost (Boubault et al., 2016) . As an industry permanence, cost of components and large applicability is driving factors for levelized cost of energy (LCOE) (Parrado et al., 2016; Starke et al., 2016) . The LCOE method is superior to the NPV method owing to its applicability in large projects. The net present value (NPV) is defined as difference between the present value of cash inflows and the present value of outflows for over period of time. NPV cannot be compared between projects either difference in scale or technology. NPV relies heavily upon multiple assumptions and estimates, so there can be substantial room for error. The LCOE method is used to compare different power generation equipments and technologies. Simply NPV is not feasible method to make prior choices between the projects (Zhao et al., 2017) . The LCOE method is proposed in this paper. The LCOE method is not only presented as an economic characteristic but also as a scientific parameter by taking into account the additional valuable characteristics including performance function, availability function, aging, power correction factor, operation and maintenance (OM), wind power yield (kWh/m 2 /year), costs and life time. The abovementioned literature focused on survey cum failures, maintenance, addition of materials and technologies, life cycle cost assessment and predictive models. The nonparametric models can provide the reasonable performance outcome but needs the pre-processing information. Similarly, the survey reports of wind farm just focused on the failure statistics of wind turbine components. However, there is little importance given to on site assessment of wind turbine performance and its ability to cope wind variations of practical site. Wind farm field experiments quantified as time consuming due to large number of data. This form of criticism can relatively be considered as the worthy for this analysis being presented in this paper. So, the gap is covered by incorporating on site performance of wind farm consists of real and technical availability, capacity factors, power coefficient, tip speed ratio and at what wind speed, the wind turbine operates efficiently. The performance-based LCOE economic model is proposed to calculate the cost/kWh as a scientific parameter. For the proposed model calculation, the energy generation benchmark set 142 GWh for the wind farm life time of 20 years. The wind farm energy generation and LCOE showed a significant impact of energy and cost per kWh on consumers.
Site description and local wind data measurement
Jhimpir is a small village of Thatta district of Sindh, province of Pakistan. Pakistan's first selected site for installation of wind power plant is properly located at 120 km north east of the Karachi. The site is 3-5 m above the sea level. The wind speed measurements were taken at 10 minutes interval for the period of a year 2012. The geographical location of Jhimpir site is 25 03' 58.50"N and 67 58' 03.10"E. The terrain is simple and has no major obstacles. Also, similar terrain was found in west, north and south but east has some agricultural land. The site is geographical connected to the Karachi and Hyderabad, major cities of Pakistan. Figure 2 presents the wind farm.
Methodology
The methodology covers the assessment of wind characteristics of site. The wind data are obtained at 10 minutes interval for the period of a year. The wind speeds and direction were measured at the 80 m above the ground level (AGL). The wind data have been used to analyse the performance characterization of prevailing wind conditions at the wind farm site for a period of a year. The measurements taken of wind direction and speeds are potential elements which have been considered in this study. This detailed measured information can be utilized for the future wind farm site analysis. The wind farm performance is analysed and discussed with reference to the wind characteristics and expected performance. The objective of this analysis is used to determine the impact of the wind environment on the anticipated efficiency and operation of the wind farm.
Wind characteristics and Weibull distribution functions
Wind is the random variable and highly fluctuating meteorological parameter that changes with time of the day, day of the year and year to year. The probability distribution function (pdf) can be calculated for changing nature of wind over a period of time. The wind speed can be measured by Weibull distribution function. Probability density function fðvÞ can be expressed as (Akpinar and Akpinar, 2005) where V refers to wind speed, k refers to shapeless parameter and c refers to scale parameter having similar dimension of wind speed V. The cumulative distribution function (CDF) fðvÞ is given below (Akpinar and Akpinar, 2005) 
Mean wind speed is used to measure potential of wind energy generation which can be expressed as V mean . It can be calculated as given in Akpinar and Akpinar (2005) and the wind speed variance r 2 can be expressed as follows (Akpinar and Akpinar, 2005 )
The standard deviation can be calculated as
The mean and variance of wind speed can be calculated by Weibull parameters (Keyhani et al., 2010 )
Here, C is the gamma function and can be solved by the following formula
Further, the maximum likelihood (ML) method can be used to determine the Weibull parameters k and c. The shape k and scale c parameters are calculated as follows
where N is the number of wind speed data points; V i is the wind speed value for the i-th data measurement.
Wind farm performance analysis model
In this section, the wind turbine performance assessment is examined. The power achieved from wind can be expressed as (Petkovi c et al., 2013)
where q refers to air density, A T refers to swept area of blade and V 3 refers to wind speed. According to Betz theorem that only less than 16/27 of the kinetic energy can be converted to mechanical energy. The Betz coefficient is denoted by C p which can be expressed as (Schlechtingen et al., 2013 )
The wind power density with Weibull probability density function can be calculated as follows (Ucar and Balo, 2009 ) and the wind energy obtained from the chosen wind turbine can be calculated using equation (12) (Petkovi c et al., 2013)
where E refers to energy obtained, T refers to time period and P(V) refers to power curve of wind turbine. Substitute values of equation (4) in equation (12), we can find the following equation
The above equation is the Weibull distribution function for achieving the wind energy.
Capacity factor. The capacity factor is an effective tool used to determine the wind turbine performance and efficiency. The capacity factor can be expressed as cf ¼ Actual power from wind turbine Rated power of wind turbine
Power curve analysis. Power curve estimation can be expressed by following equation (Cooney et al., 2017) A EO ¼ 365 Â 24 ð Þ0:5 ð Þ:q:A:
where A EO refers to total annual energy output is calculated to be kWh based on the power curve.
Power coefficient. Power coefficient (C p ) is referred as a ratio of achieved power to an available power that can be expressed as (Pelletier et al., 2016 )
Tip speed ratio. Tip speed ratioðk) is referred as a ratio of the rotational velocity of blade tips over wind speed (m/s) that can be expressed as (Shahizare et al., 2016) k
where x refers to rotational speed and R refers to the radius of wind turbine.
Availability factor analysis. Availability factor is extreme up to 100% and can be expressed as 
LCOE model
The LCOE is equal to the sum of all costs incurring during the lifetime divided by the units of energy generated during the lifetime. The LCOE set parameters including availability 97%, power curve density correction factor 5%, electrical losses 2.5%, auxiliary consumption 1%, air density 1.225 kg/cm À3 ; loan repayment is 10 years, and 17% on the return on equity for a period of 20 years. This is the most important approach to use the life cycle cost method that can be preferred over NPV. The LCOE (L coe ) of wind power plant installed in a year t can be expressed as
where T c refers to the total cost of wind power plant, L refers to the cost of the land, I refers to the insurance cost (%), O M refers to the OM cost, W refers to the wind power yield (kWh/m 2 /year), g refers to the availability factor (%) of the wind power plant, C f refers to power correction factor (%) and T refers to the life time of the wind power plant. The LCOE calculation represents for a period of a year. For LCOE, the valuable variables are total cost of wind power plant T c , wind power yield (kWh/m 2 /year) and availability factor of the wind farm. However, the cost of the wind power plant at certain time (T c ) based on the cumulative installed capacity of wind power.
Results and discussion
Wind characteristics of site Wind speed. Wind is the random and highly fluctuating meteorological parameter that changes with time of the day, day of the year and year to year. The mean-measured wind speeds were found to be 8 m/s at 80 m AGL. It is notable from the measured wind data that there is significant variation present throughout the period of a year as shown in Figure 3 Wind direction. Figure 4 displays the wind speed rose data obtained at 80 m of wind turbine. The wind rose contains the details of prevailing wind direction of which preliminary comes out from a range of south-south easterly (SSE) to south-south westerly (SSW) direction with a significant section of wind blowing from south easterly-westerly direction. Figure 4 contains the information of wind rose of 24 hours a day and frequency of different wind speeds denoted corresponding direction.
Weibull distribution function.
The average values of standard deviation, Weibull k and c parameters, obtained using entire data set were found to be 2.563, 3.360 and 8.940 m/s at 80 m (AGL).The seasonal values of shape parameter were found to be 2.525, 3.650, 3.904 and 3.357 during winter, spring, summer and autumn, respectively. The highest value of shape k parameter was found to be 3.904 during the summer and lowest 2.525 in winter. The highest value of scale c parameter was found to be 10.11 m/s and minimum 6.932 m/s in summer and winter time, respectively. The seasonal calculation showed variation over a period of time. The higher values of standard deviation were found to be 2.673 and lower 2.472 in autumn and spring, respectively. Figure 5 (a) and (b) presents the calculated values of standard deviation and Weibull k and c parameters using entire data set for a period of year. The results of standard deviation and Weibull distribution parameters k and c at 80 m are summarized in Table 1 .
Frequency distribution of wind. Frequency distribution analysis has been carried out to enable further observation of wind resource available at site over a period of time. The frequency distribution of site showing the dominant wind speeds. The distribution of wind speed within the limit has important implications on the performance characteristics of wind turbine. However, it is generally concluded from the measured wind speed data of wind farm site that the most of wind speed found below the cut out wind speed (25 m/s) of wind turbine. As a result, the generator output can only attain maximum power capacity of 2.0 MW. Weibull distribution is also used to estimate the total occurrence of each wind speed throughout the period so that yearly energy output and capacity factor can be predicted and compared with the measured data. Figure 6 displays the frequency of occurrence of wind speed of wind farm site.
Performance analysis model
The performance model of wind power plant is studied under the following heads. However, the installed capacity of wind farm is 56. (June to August) comparatively higher than the other seasons. The features of wind turbine are summarized in Table 2 .
Power curve analysis. The International Electro technical Commission (IEC) 61400-12 describes the power curve as important measure of wind turbine performance. The analysis of wind power curve conversion capabilities with fluctuating wind speed is important for observing the variation in power capabilities of wind turbine which causes the financial loss (Schlechtingen et al., 2013) . In this study, the wind farm power conversion capabilities on site scenario are taken into account to assess the variation in power generation owing to continuously changing wind speeds. Also, this study can present the real operational case of wind farm, which is necessary to compare with the manufacturer stated wind power to wind farm power curve. The manufacturer's stated power curve of wind turbine and wind farm is given in Figure 7 . The power curve exhibits the behaviour of wind turbine along with peak output of 2.0 MW. This paper is based on the real operations of wind farm so it is indispensable to compare the manufacturer stated power curve to wind farm power curve. Figure 8 represents the power curve data obtained from the wind farm is akin to expected performance and also emblematic shape of wind power curves as described in many studies (Pelletier et al., 2016; Petkovi c et al., 2013; Wang et al., 2016) . However, there is noteworthy difference presented between the mentioned studies. The power output measured at different wind speeds is greater than the manufacturer stated wind turbine power curve. et al., 2017; Shahizare et al., 2016) . Betz limit sets highest value of 0.59 on the power coefficient value associated with wind turbine. However, the power coefficient ranges from 0.30 to 0.45 can be expected for a wind turbine working in real situation. Figure 9 shows the behaviour of power coefficient against the wind speed with efficiency peaking when wind speed is in between 6 and 10 m/s. However, it is obvious from the power coefficient that if wind speed crosses the rated power, the power coefficient is dropped. So it can be concluded that the efficiency of wind turbine is decreased with increased wind speed. The wind turbine operates efficiently between 6 and 10 m/s. This is evident that the wind turbine suited to 6-10 m/s wind speed, if the wind speed (m/s) increases beyond, the power coefficient dropped significantly.
Tip speed ratio. Tip speed ratio and power coefficient affiliation are discussed as an indicator of performance. The tip speed ratio was found in between 2 and 12. Figure 10 showing the tip speed ratio which is different from many found in the literature that exhibits a slow drop off of a power coefficient post peak (Ganjefar and Mohammadi, 2016; Petkovi c et al., 2013) . However, it showed that the wind turbine operating close to optimal lift and drag will exhibit the performance level. Figure 11 displays the relationship of power coefficient and tip speed at different wind speeds (m/s). Figure 11 indicating the effect of dominant wind speeds on the performance of the wind turbines. This is essential determining factor for selection of wind turbine for a particular wind site. Figure 11 also shows the wind turbine performs better at the wind speed between 6 and 10 m/s. Availability factor analysis. Technical availability factor of Jhimpir wind farm was found to be 97% for a period of two years (2014 and 2015), respectively. Real availability factor of Jhimpir wind farm was found to be 93 and 90% in first and second year, respectively. The real availability of wind farm falls short because wind turbine did not operate total time. The real availability of wind farm decreased owing to increased number of failure of components, replacement, maintenance, grid loss, distribution loss and low wind. Wind farm operated for 1944.2 and 2102.4 hours in first and second year out of 17,520 hours. The average availability time of wind farm was found to be 22.20 and 24% for first and second year, respectively. The real availability of wind farm was increased in the second year. Figure 12 is showing the energy production (Ep), low wind (LW) and grid loss (GL) time was found to be increased in the second year compared to the first year. Similarly, the distribution network loss time and voltage Dip time were found to be decreased in the second year compared to first year. However, the mechanical loss (ML) and electrical components loss (EL) time showed the increasing tendency of failures that was the significant contributing factor of reduced real availability of wind farm.
Measured data. In order to calculate the total energy converted by the wind turbine, the sum total of measured power acquired at the 10 minutes interval was divided by the number of samples acquired to obtain an average power output. This was then multiplied with the number of available hours in year to obtain the total energy produced by the wind turbine. The total energy output was found to be 164.4 and 180.8 GWh in first and second year, respectively. There was increase of 16.4 GWh of energy noticed in second year of operations compared to first year. The average energy production was found to be 172.6 GWh. The energy production time found to be 22.2 and 24% of the overall time during first and second year, respectively. The energy generated was found to be 15.5 and 22.10% higher during the first and second year than the set benchmark 142 GWh. This shows that there was a significant increase of performance in terms of increase in energy generation in second year of operations compared to first year. In general, the wind farm showed an increase in energy output compared to energy set benchmark. Figure 13 showing the average energy generation during the summer season was higher than the other seasons. During the summer season, the flow of wind speed (m/s) at wind farm site is higher than other seasons. The monthly energy produced during the period of two years is given in Figure 13 .
Capacity factors. The capacity factors are effective and commonly used as a metric for the overall performance and efficiency of a wind turbine. The capacity factor was found to be 32.80 and 35.50% in first and second year, respectively. The average capacity factor for a period of two years was found to be 34.15%. This is very promising value for the installed wind turbine at Jhimpir wind farm that indicates the initial capital costs should be recuperated. The capacity factors of the measured data raise the possibility of improvements in the operational efficiency of the wind farm. The capacity factor of the wind turbine can be improved by forecasting, sitting techniques and introduction of smart grid systems allowing the higher amount of electricity available to the grid. The capacity factor for a period of a year is summarized in Table 3 .
LCOE model
A reasonable estimation of OM costs lies between 0.01 and 0.02/kWh (Blanco, 2009) . The LCOE has been calculated for a life time (20 years) of wind turbine based on a range of OM cost predictions. According to (Neuteleers et al., 2017) , setting of tariff for intermittent nature of renewable energy is highly complex. In this paper, the tariff model presented is based on set bench mark of energy production summarized in Table 4 which minimizes the complexity. Table 4 contains the costs of OM, insurance, return on equity, WH tax, loan repayment and interest charges. The LCOE was calculated for life time (20 years) of wind farm. The bench mark set for LCOE is 142 GWh energy produced by wind farm in a year. The economic analysis demonstrates the impact of energy lost and tariff economic model based on setting of annual energy output, OM costs, insurance and return of equity. As a major chunk of expenses of wind turbine is expended on installation and reducing the OM costs is one of important measure to reduce the total cost (Al-Najjar and Hailemariam, 2012) . The net loan repayment and interest rate is within the bounds of what is required for the wind turbine to cover loan and interest within the time frame of 10 years. The calculations exhibit an average LCOE value US$(cents) 0.1137/kWh for the first 10 years (from 1 to 10 years). The LCOE will be decreased to US$(cents) 0.040/kWh for next 10 years (from 11 to 20 years). The average LCOE is US$(cents) 0.0802/kWh for period of 20 years.
The difference between 1 to 10 years and 11 to 20 years is US$(cents) 0.0728/kWh. Figure 14 is showing the decreased LCOE for the life of 20 years of the wind farm. The economic model showed the effect of wind energy penetration on the price of electricity purchased by Water and Power Development Authority, Pakistan (WAPDA). The wind farm performance showed the potential rise in the energy generation in first and second year of operation. The energy generation rose up 15.50 and 21.10% to set bench mark of 142 GWh energy in first and second year, respectively. If energy generation increased to set benchmark with the year passing would have significant effect on the levelized cost and tariff of energy. The results of LCOE model showed a significant drop in the cost per kWh. However, the only contributing factor is maximum real availability of wind turbine system.
Conclusions
In this paper, the assessment of local wind characteristics, performance, levelized tariff and cost of energy for a period of 20 years has been carried out for wind farm located at Jhimpir, Pakistan. An assessment of the local wind characteristics has been carried to find out an intensity of wind speed (m/s) presented over a period of a year. Weibull distribution is an important indicator for future wind conditions at the location. The mean Weibull k and c parameter and standard deviation were found to be 3.360 and 8.940 m/s and 2.563, respectively. The performance function of wind farm is investigated for a period of two years. The technical and real availability found to be 97 and 90%, respectively. The real availability decreased due to low wind, wind turbine component failure, grid and distribution loss. The capacity factor increased to 35.50% in second year compared to first year. The power coefficient is dropped if wind speed crosses the rated power. So it can be concluded that the efficiency of wind turbine is decreased due to increased wind speed (m/s). It is also concluded that the wind turbines works efficiently at the wind speed between 6 and 10 m/s. Tip speed ratio shows that the wind turbine operating close to optimal lift and drag will exhibit the performance level. The proposed levelized tariff and cost of energy model based on set energy generation benchmark of 142 GW showed a significant influence on the energy cost per kWh. The cost per kWh is US$(Cents) 0.11371 and 0.04092 for 1-10 and 11-20 years, respectively. The energy output showed a significant impact on LCOE if it produced beyond the 142 GWh per year. In this regard, the different scenarios are studied which showed a positive effect on the LCOE for 20 years. The renewable energy has tremendous impact on LCOE as compared to non-renewable source of energy.
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